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Abstract. Ophiolite of Oman are famous world over, and are favorite for exploring chromite, which is a source of chromium that is
used widely in steel, nichrome, and plating and painting industries. The best known chromite deposits are found in the Bushveld
complex of South africa, however countries like Pakistan and Oman are also contributing but less than 2% of the world production.
Chromite is found in the mantle rocks such as peridotite and its altered products. Large economic deposits are generally found in
stratiform structure and the smaller ones in pod-like or tabular lenses. In Oman the chromite deposits occur in Oman ophiolite
(Semile), mainly in the mantle sequence comprising harzburgite and dunite. The mining efforts for chromite in Oman are in
progress but not on scientific grounds. On a site called Izki (670 m asl) the chromite was expected on the top of a hill in a small area
(150x50 m) of ophiolite, and mining through pitting procedure was tried over there but remained unsuccessful. Geophysical
methods were applied in the same area to search out the possibility of the existence of the ore. Since chromite is denser, more
conductive and magnetically less susceptible deposit as compared to the host rocks harzburgite and serpentinite, it is expected that
the existence of a shallow sizable ore body would generate favorable gravity, magnetic, and resistivity signals. The integrated
geophysical study (gravity, magnetic and resistivity) reveals the probability of chromite within 30 m depth. For confirmation the
drilling was recommended on a point upto a depth of 35 meters. The drilling could not be continued beyond 12 meters depth due to
reasons known to the lease owner. The drilling showed harzburgite up to 8 meters depth, then a chromite layer of 0.7 meter
thickness, after that harzburgite started for the next 3 meters depth. This state of affairs confirms not only the presence of chromite
but also the revealing power of geophysics.
Introduction
Chromite is a source of chromium. It is widely demanded
in the steel industry (to induce hardness, toughness and
chemical resistance in steel), in making Nichrome (an alloy
with iron and nickel, that is used to form high temperature,
abrasion, corrosion and oxidation resistant heating units),
and in plating and painting industry. The classic
composition of chromite is 32.0% FeO and 68.0% Cr2O3,
but in commonly found ore deposits Cr2O3 is much lower
than 68%. The best chromite deposits are found in
Bushveld complex of South africa, however, the largest
producers areÊSouth africa (44%), India Ê (18%),
Kakakstan Ê (16%), Zimbabwe(5%), Finland(4%), Iran
(4%), Brazil Iran Ê (4%),ÊBrazilÊ(2%)and Pakistan.
Chromite is found generally in the mantle rocks; the main
host rocks are serpentinized peridotite, harzburgite, and
cumulate Dunite (Roberts, 1988). Economic deposits
occur in stratiform and pod-like tabular lenses, or in
irregular masses or cumulate layers of variable size. The
small bodies are found in the uppermost mantle Sequence
(harzburgite and dunite) and the large ones (scattered) in
deeper sequence of ultramafic and gabbro cumulates.
The chromite in Oman occurs in ophiolite (400x100 km)
which were obducted on platform rocks during Upper
cretaceous times (Ogasawara et al., 2002). The recent
individual mining efforts for chromite in Oman showed some
success; hence the miners and the government are interested
to promote the exploration activities on scientific grounds.
Geophysical survey for Izki chromite. The study area (Izki) is
located in Semile ophiolite (Oman), and topographically is
very craggy and difficult. The satellite image of the area is
presented in Fig.1. On top of the hill there were minor
showings of chromite in harzburgite/serpentine sequence
where pitting efforts of the miners remained unrewarding. We
visited the area and decided to apply geophysics (gravity,
magnetic, resistivity) over there to look down in shallow
depths the possibility of existence of chromite. The vertical
sequence of ophiolite in the area is shown in Fig. 2a, and the
corresponding P-waves seismic velocities of different rock
units of the oceanic crust are given in Fig.2b.
The geophysical exploration for the purpose of exploring
economic deposits or finding subsurface geological objects
requires two considerations: the data density and strong
physical contrast between the target and the host rocks. Ali et
al., (1991) and Ali and Mujtaba (1992) used geophysics
successfully for revealing subsurface geological targets,
whereas Bayrak (2002) and Frasheri et al., (1995) have
mentioned their thriving geophysical works in searching
chromite in Turkey and Albania respectively.
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Fig. 1. Shows the location and topography of the survey track.
Fig. 2a. Ophiolite sequence.
Since topography of the area is quite wrinkled, the working
space for geophysical data acquisition was very limited. We
could make gravity and magnetic observations along a
single available (150 slope), track which is only 150 meters
long and dingy in nature (Fig.3).
As the quantum of data relates with interpretational
reliability, the small amount of data in our case gave
realization of playing cricket on a slow pitch. However, the
association of chromite with harzburgite/dunite sequence
gave a hope of geophysical signal in the presence of
reasonable contrast in physical properties (density, magnetic
susceptibility, and electrical conductivity) between
chromite and the host rocks. Chromite is much denser, more
conductive and magnetically less susceptible rock as
compared to the host rocks (Table 1).
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The gravity and magnetic data (along with GPS and
altitude data) were collected along the track at an
interval of 5 meters, using respectively the La coste
Romberg gravimeter model D152 and Magnetometer
model Gem-19, and vertical resistivity probing was
done with Syscal R-2 using Schlumberger
configuration on a point.
Gravity. Force as we know is directly proportional to
the mass (density) and inversely proportional to the
altitude (topography) under the point of observation.
This means the higher the density more is gravity, and
higher the altitude less is gravity. Gravity field is also
influenced by the surrounding topography and
north-south movement
Mubarik Ali and Muhammad Jahangir Khan/Int. j. econ. environ. geol. Vol:4(2) 22-28, 2013
Fig. 2b. Ophiolite sequence with velocities.
Fig. 3. Shows the survey line and the coordinates of the points of observation.
Table 1. Magnetic susceptibility, density, and electrical resistivity of chromite and the host rocks.
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of the points of observation. Thus, the gravity field data is a
combined effect of subsurface geology and the overlying
topographic effects.
The field gravity data is processed to remove gravity
effects of overlying topography and generate the Bouguer
anomalies which represent subsurface geology, and are
used not only to depict subsurface geology but also the
hidden realities of denser ore deposits.
Magnetic. Field of the earth in zones of buried or exposed
higher susceptibility rocks is increased significantly.
Magnetic susceptibility of rocks is directly proportional to
the amount of ferromagnetic minerals in the rock, and
susceptible rocks carry inherited local magnetic field
which interacts with the earth’s magnetic field and causes
an abnormal magnetic intensity that appears in the form of
magnetic anomalies. Strong magnetic anomalies are
related with high susceptibility contrast between the
causative and the host rocks. Chromite being less
susceptible than the host rocks like harzburgite, dunite, and
serpentinite (Table 1) is supposed to generate magnetic
lows.
Resistivity. It is an opposite of conductivity, and is a
measure of resistance to the flow of very low frequency
electric current (d.c) in the ground.ÊThe resistance, in turn,
is a function of the composition (metallic or conductive
minerals) and physical condition (electronic or ionic) of
the rocks.ÊTherefore, the zones with distinctive high
resistivity (low conductivity) may correspond to resistive
rocks, and the areas with low resistivity may indicate the
metallic ores because the metals being highly conductive
substances reduce vigorously the resistivity of the rock
(Table 1). Thus, the chromite deposit is
supposed to produce low resistivity signal.
Geophysical survey. The chromite as compared to
host rocks is much denser, much conductive and less
susceptible deposit, its shallow existence in a sizeable
body may produce favorable geophysical contrasts
and correspondingly the surface geophysical
expressions.
Thus, the gravity and magnetic data along with GPS
and Altitude data were collected in the area of interest
along the (only) available track from the foot to the top
of the hill. The data was acquired at an interval of 5
meters. The vertical resistivity probing was done with
Schlumberger configuration on a point in the
promising (by gravity and magnetic modeling) area
using Syscal R-2.
Data processing and presentation. Altimeter data was
corrected applying atmospheric and drift corrections;
gravity data was processed for Bouguer anomaly
using drift, free-air, Bouguer, and latitude corrections
(terrain correction was not applied because of
area/data limitations). Total intensity magnetic data
was freed from diurnal effects, and then was changed
to magnetic anomalies with respect to the base. The
magnetic and Bouguer anomaly data are presented in
(Figs. 4, 5) in the form of 2-D contour maps and
equivalent 3-D visualization.
Analysis of data. Gravity map given in Fig.4 shows
two sequences of circular gravity anomalies: the
minor circular anomalies which are visible in the
upper part of the map aligning northeast- southwest
are insignificant because of negligible gravity
variation; whereas strong closed anomalies in the
middle part of the map, oriented northwest-southeast,
are seemingly the important gravity expressions.
Bouguer anomaly gravity map
Easting
Fig. 4. Gravity variation in the area. 2-D & 3-D View.
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Fig. 5. Magnetic variation in the area. 2D & 3D View
It was observed that except for one positive anomaly
(western side) all other anomalies are negative in nature.
Therefore, the positive anomaly is considered promising
because it reflects a higher density zone in the subsurface.
The magnetic map (Fig. 5) also shows a series of negative
and positive anomalies, and interestingly a negative trend
(lying between two positive magnetic anomalies) exists
over the location of positive gravity anomaly. This
magnetic behavior probably is due to a negative
susceptibility contrast developed in the subsurface
between chromite (less susceptibility) and the host rock
harzburgite.
Further, the VES probing on positive gravity anomaly
site also showed a low resistivity horizon between 10 to 30
meters depth (Fig. 6), which most likely is generated by the
presence of relatively conductive medium formed by
chromite.
Interpretation. On comparing the location of gravity and
magnetic anomalies of interest with the survey profile given
in Fig.3, it is apparent that the anomalies fall on the
north-south oriented part of the survey profile that lies
between coordinates 598580 E, 2547800 N and 598580 E
2547900 N. Therefore the gravity (Bouguer anomaly) and
magnetic data of that segment of the survey profile is quite
sensitive, and have been sorted out for subsurface modeling.
Regarding that GM-SYS software
Fig. 6. Resistivity model shows the presence of chromite at 10 m depth (low resistivity).
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was used to construct chromite body within different rock
units such as Harzburgite and Dunite. The gravity and
magnetic models produced carefully through iteration
process are shown in (Figs.7 & 8).
This is to be observed that a best fit in the observed Bouguer
anomaly gravity data/ magnetic data and the calculated
gravity/magnetic data is achieved with the inclusion of a
small chromite body in the host rocks. The modeling suggests
the presence of a small chromite body within a depth of 10 to
30 meter. Since the software has low vertical resolution, the
predicted chromite body from a limited data cannot be
defined with certainty whether it is a massive or a discrete
thin layered system in the host rock.
The verification of the above mentioned results was done by
interpreting/modeling resistivity data, it shows a low
resistivity conductive layer at 6 to10 meters depth within
resistive host rock, and agrees reasonably with gravity and
magnetic estimates.
For further confirmation the licensee/owner was
recommended drilling on a point to a depth of 35 meters. It
was started but aborted at 12 meters depth due to some
reasons known to the owner. However, the drilling showed
harzburgite up to a depth of 8 meters and then appeared a
chromite layer of 0.7 meter thickness, after that harzburgite
again started to the next 3 meters depth, and drilling aborted
by the owner.
Fig. 7. Gravity model shows harzburgite (brown), surface (pink), and chromite (blue).
Fig. 8. Magnetic model shows harzburgite (brown), surface (pink), and chromite (blue)
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Conclusions
Chromite deposits occur in rocks of the mantle sequence. In
Izki (670 m asl), chromite was expected in a small area
(50x50) on the top of ophiolite rocks. Mining started
through conventional pitting procedure but remained
unsuccessful. Whereas, integrated geophysical approach
revealed the existence of chromite in the same area but on a
different location. It was predicted at 10 to 15 meters depth,
and was confirmed by drilling. This proves the worth of
geophysics in exploring the natural resources.
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